1 0 enhanced water use efficiency than controls. They also exhibited enhanced SY in warm-1 1 dry field conditions. This response was accompanied by the increased in seed number 1 2 that was not compensated by the decreased in individual seed weight. The transcriptome 1 3 analysis of plants from a field trial with maximum SY difference between genotypes 1 4 indicated an induction of genes encoding redox and heat shock proteins in b10H. between 2009-2010 and 2012-2013 . Some of these experiments were also included as 1 3 5 part of Group 2 (described next). General growing conditions (i.e. cumulative incident 1 3 6 solar radiation, mean temperatures, rainfall, and potential evapotranspiration) along the 1 3 7 cycle experienced by crops in 14 of these experiments are described in Supplementary 1 3 8 Table 1 . Group 2 corresponded to the analysis of the best performing event (b10H) all experiments in Group 2 are described in Supplementary Table 1 . Rainfall data were 1 4 6 obtained in situ, whereas other weather records were obtained from the nearest weather 1 4 7 station (http://siga2.inta.gov.ar). Water balance for different growth periods and for the 1 4 8 whole cycle was obtained as the difference between potential evapotranspiration (PET, 1 4 9 in mm) and water supplied by rainfall (Rain, in mm) plus irrigation (Ir, in mm). The 1 5 0 relative water balance (RWB) was computed as in Eq. 1. Total aerial crop biomass per m 2 (BIOM/m 2 , in g m -2 ) as well as pod biomass per m 2 1 9 5
(POD B /m 2 , in g m -2 ) and pod numbers per m 2 (POD N /m 2 ) were surveyed at 1 9 6 physiological maturity (R7) at the Pergamino and IAL-Santa Fe sites. For this purpose, counted on these plants. Biomass partitioning to reproductive organs at R7 was 2 0 0 estimated as (i) the ratio between POD B /m 2 and BIOM/m 2 , described as biomass 2 0 1 partitioning index to pods (BPI P ), and (ii) the ratio between SY and BIOM/m 2 , (WUE SD,ETc ) production. The former was obtained as the ratio between BIOM/m 2 and 2 0 5
ET C whereas the latter was obtained as the ratio between SY and ET C . Maddonni and Otegui (1996) . Midpoint internode diameters (hypocotyls and epicotyls) 2 0 9
were measured on 3 plants at V2 stage and branches per plant on three plants plot -1 at 2 1 0 R5. Stem sections were collected from the same region and treated as described below. well-watered to 100% of field capacity during the treatment period, and pots of all plants were watered up to field capacity from R3 onwards. Plant water uptake was estimated from the difference in pot weight between pots held at 2 2 7 100% and 60% of field capacity, considering negligible the weight of plants and the soil 2 2 8 evaporation (plants at V5 and older cover the pot surface). Accumulated water uptake 2 2 9
was computed for each plant as total water (ml) added during the stress period. Relative 2 3 0 1 1 water uptake (ml) was estimated as the ratio between water uptake by water-deficit and water addition between V3 to V5) or without it. Stem sections and xylem area were 2 3 6 estimated with Image J (Rasband, 1997 (Rasband, -2018 . (Biopack™, Argentina) inclusion protocols (D'Ambrogio de Argueso, 1986).
4 3
Transverse stem sections (10 µm thick) were obtained using a microtome (RM2125, (Nikon, Tokyo, Japan) equipped with a Nikon Coolpix L810 camera. Photosynthetic parameters were measured in TG (b10H) and WT (W82) soybeans Air relative humidity range was 50-60 % and leaf temperature range was 25-30°C. The IDs of differentially expressed soybean genes identified in the RNA-Seq are listed 3 0 0
in Supplementary Table 2 . HaHB4 (lines called "b") promoter were obtained and, together with the WT cv. W82, 3 0 5
were multiplied and evaluated in field trials. After a first assessment, three independent 3 0 6 events (a5H, a11H and b10H) bearing only one copy of the transgene were selected for 3 0 7 further assessment.
3 0 8
From the experiments developed for event selection (Group 1), it could be established 3 0 9
that the presence of HaHB4 produced (i) no effect on days to R1 (data not shown), (ii) a No event expressing HaHB4 differed from the WT in days to R1 (i.e. beginning bloom).
1 3
Across experiments, the WT took 42.5±9.5 days to R1, whereas the shortest event though the number of days to R7 (i.e. beginning maturity) was slightly modified among was only partial for b10H (SY larger than SY of W82) and total for the other events (SY 3 2 3 equal to SY of W82), and consequently b10H was selected for subsequent studies. Transgenic soybean significantly outyields its control in field trials 3 2 6
From the results of 27 field experiments performed across a wide environmental range 3 2 7
( Fig. 2A) , it could be established that the TG cv. b10H significantly outyielded the 3 2 8
parental WT cv. W82 (Fig. 2B ). This advantage averaged +4.05% (range between -11% 3 2 9
and +43%) and held across all the environmental range explored ( Supplementary Fig.   3 3 0 1), which extended from a minimum of 1540 kg ha -1 to a maximum of 4540 kg ha -1 . b10H outyielded W82 across all environments with seed yield lower than 4898 kg ha -1 .
3
This threshold was never met among evaluated environments. The described SY (mean of -6.5%, Fig. 2D ). No cross-over interaction was detected for SY components 3 3 7 across environmental indexes ( Supplementary Fig. 1 ), being b10H>W82 for the main 3 3 8 determinant of SY (i.e. seed number m -2 , Fig.1B ).
3 3 9
For both cvs, final SY was tightly related to seed numbers (r 2 ≥ 0.856; P<0.001) and to 3 4 0 a much less extent to individual seed weight (r 2 ≤ 0.086; 0.01<P<0.10).
4 1
When environments were sorted in four groups depending upon the combination of 3 4 2 mean temperature and relative water balance (RWB) along the cycle ( Fig. 2E) Differential traits between transgenic and WT soybean grown in the greenhouse 3 5 9
Aiming at understanding which physiological traits could be responsible for the watered or water-deficit conditions (Fig. 3A) . Transgenic b10H plants exhibited a trend to increased SY in both conditions, even though SY of both genotypes was significantly affected (P<0.05) by water deficit (Fig. 3B) . Differences in SY were accompanied by 3 6 5 similar trends in seed numbers but not in seed weight (Fig. 3B ). Cumulative water use 3 6 6
during the water-deficit conditions, normalized by cumulative water use by well- well-watered conditions (Fig. 3C ). Transgenic plants tended to be shorter and to have 3 6 9 more branches, internodes and pods per plant than the control W82 (Fig. 3D ).
7 0
Diameter of epicotyls, and first, second and third internodes were measured, indicating 3 7 1 that those of b10H tended to be wider than those of W82 in stressed plants (Fig. 4A ).
7 2
The same trend can be observed for xylem area whereas all these differential Supplementary Fig. 2 ). Aiming at knowing whether the differential architectural and physiological traits 3 7 9
observed in the greenhouse were conserved in plants grown in the field, production 3 8 0 traits plus several physiological traits were assessed in TG b10H and WT W82 soybeans in experiments performed at the IAL site during 2017-2018 ( Fig. 5A) (P<0.05) higher photosynthesis rate than W82 at R5 and R6 (Fig. 5B ), a trend also 3 8 6 observed for light interception during seed filling (R6) and crop biomass (Fig. 5C ).
8 7
Differences in crop biomass were accompanied by significantly (P<0.05) increased SY 3 8 8
( Fig. 5C ) and seed numbers (Fig. 5C ). Increased seed numbers overcompensated the 3 8 9
reduction registered in individual seed weight (Fig. 5C ). Differences in seed numbers 3 9 0
were driven by the augmented number of branches and pods registered for b10H as 3 9 1 compared to W82 plants ( Figs. 5D and 5E) . Finally, and similar to the phenotype 3 9 2 observed in the greenhouse experiment, hypocotyl diameter and xylem area were larger 3 9 3 in b10H than in W82 ( Fig. 6 and Supplementary Fig. 3 ).
9 4
Also during 2017-2018, when summer crops in the temperate region of Argentina were 3 9 5 exposed to a severe drought caused by a La Niña phase of the ENSO phenomenon, a 3 9 6
field-based analysis of SY determination under two contrasting water regimes (WD: water deficit; WW: well-watered) was performed at the Pergamino site. Rainfall 3 9 8 exclusion plus differential irrigation produced a large contrast in total crop 3 9 9
evapotranspiration (ET C ) between WD and WW plots (Fig. 7A ). Soil water survey 4 0 0
included the topmost 185 cm and was performed from sowing+23 d to R7. In both 4 0 1 conditions, water use of the TG cv. b10H was higher (P<0.05) than water use computed under WW (Fig. 7B) . As observed in the IAL experiment, increased SY registered in 4 0 5 b10H respect to W82 under drought was driven by increased crop (44.5%; Fig. 7C ) and 4 0 6 pod biomass (52.6%; Fig.7D ) as well as by increased pod (73.3%; Fig. 7G ) and seed 4 0 7 numbers (78.9%; Fig. 7H ). Drought produced no significant difference between cvs in 4 0 8 biomass partitioning to pods (Fig. 7E ) or to seeds (Fig. 7F) , whereas individual seed 4 0 9
weight in this condition was larger for W82 than for b10H (24.6%; Fig. 7I ). Based on 4 1 0 trends registered for crop water use (ET C ) and production traits, a remarkably higher 4 1 1 (≥22%) water use efficiency (WUE) was computed for TG than for WT cultivars 4 1 2 exposed to drought. This trend held for biomass (WUE B,ETc of 2.3 g m -2 mm -1 for the 4 1 3 transgenic and of 1.9 g m -2 mm -1 for W82) as well as for seed WUE (WUE SY,ETc of 0.91 4 1 4 g m -2 mm -1 for the transgenic and of 0.74 g m -2 mm -1 for W82). Using RNA-Seq of TG versus WT plants, we identified 743 differentially expressed 4 1 8 genes (DEGs, FDR adjusted p-value < 0.05, Fig. 8A , Supplementary Table 2 ), of which 4 1 9 120 presented an absolute log2-fold change greater than one. An inspection of the 4 2 0 DEGs based on potential orthologous genes from Arabidopsis showed that there were as the homologues of heat shock protein genes AT-HSC70-1 (AT5G02500), AT- gene HOT5 (AT5G43940, also known as GSNOR, Lee et al., 2008) .
2 7
A gene ontology enrichment analysis on all DEGs revealed "oxidation reduction", "cell 4 2 8
redox homeostasis" and "transmembrane transport" as interesting significantly enriched 4 2 9
BP terms (P < 0.05, Fig. 8B , Supplementary Table 3 ). Among MF terms 4 3 0
( Supplementary Table 3 ), some more descriptive categories were enriched, such as 4 3 1 "protein disulfide oxidoreductase activity", "iron ion binding", "metal ion binding" and 4 3 2 "peroxidase activity" ( Supplementary Table 3 ). Second generation of transgenic crops (i.e. those aimed to abiotic stress tolerance) did HaHB4 is a sunflower transcription factor whose expression is up-regulated by water HaHB4 also performed better than its WT control in stress-prone field conditions, were carried out only with this event.
condition (i.e. identical visual canopy characteristics), differences cannot be ascribed to as well as of sunflower plants (Cabello and Chan, 2019) . However, differences in water 5 0 6 uptake between TG and WT cvs declined markedly (Fig. 7A) or almost disappeared 5 0 7
( Fig. 3C ) under water deficit, suggesting that described benefits observed in well- evapotranspiration, which was minimized in this growing condition. Collectively, 5 1 5
described results are in good agreement with the slow-wilting soybean phenotype The acceleration of senescence by water stress during seed filling has been documented 5 2 0 in soybean (de Souza et al., 1997; Brevedan and Egli, 2003) . Therefore, the delay in in the cycle), which could be visually assessed in several but not all field trials. The 5 2 5
